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(57) Abstract 

The present invention concerns a multi-wavelength selective switch in the form of a directional coupler structure. The directional 
coupler structure comprises two waveguides, wherein the waveguides arranged exhibit different effective diffractive index. The waveguides 
in one section are arranged in the proximity of each other, such that an optical field in the first waveguide can overlap a second waveguide 
and vice verea and that in said section at least two gratings are arranged for co-directional coupling. Said gratings are arranged isolated 
from each other. The invention further comprises a method for switching of wavelength channels through the use of said multi-wavelength 
selective switch. 



BNSDOCID <WO__9966664A1,L> 



\ 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCX on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


Fl 


Finland 


LT 


Lithuania 


SK 


Stovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Mokiova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


'Hirkmcnistan 


BP 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


EE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Kaly 


MX 


Mcx ico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


Zimbabwe 


CI 


CAte d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Poflugal 






cu 


Cuba 


KZ 


Kazalcstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federatkin 






DE 


Gennany 


U 


Uechieastein 


SD 


Sudan 






DK 


Dennuulc 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







BNSDOCID: <WO 9966664A1J_> 



wo 99/66664 PCT/SE99/qi054_ 



MCTHOD AND MULTI-WAVELENGTH SELECTIVE SWITCH FOR SWITCHING AND REDIRECnON OF OPTICAL 
WAVELENGTHS 

FlFI n OF THE INVENTION 

5 

The present invention relates to an optical multi-wavelength selective device, more 
precisely a multi-wavelength selective switch for rerouting and switching of 
wavelengths in and optical network, in which each wavelength may be separately 
rerouted. The invention also comprises a method for rerouting and switching or 
1 0 add/drop multiplexing of wavelengths in an optical network. 

RArKGRQUND OF THE INVENTION 

In order to further increase the capacity on existing optical networks a number of 
1 5 methods are known. One means is to use so called wavelength division multiplexing 
(WDM) technique in order to improve the degree of utilization of the available 
bandwidth. In order to increase the network flexibility, devices able to reroute traffic in 
the optical network are necessary. Such devices for rerouting of the traffic are also 
suitable in order to utilize the network as efficiently as possible, and in case of network 
20 interrupts. • 

In "Wavelength Division Multiplexer with Photoinduced Bragg Gratings Fabricated in 
a Planar Lightwave Circuit Type Asymmetric Mach Zehnder Interferometer on Si" Y. 
Hibino et.al., IEEE Photonics Technology Letters. Vol. 8, No.l, January 1996 an 
25 optical element is described in which Bragg grating and a phase contiol element is 
used in a Mach Zehnder interferometer. The considered applications are wavelength 
division multiplexing and wavelength division de-multiplexing. 

The above described device can however not be used as a multi-wavelength selective 
30 switch, if the described device is to be used for add/drop of several channels, as many 
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devices are needed as the number of handled add/drop pairs. This type of device is 
comparatively hard to reconfigure, i.e. it is a non-adaptable device. 

In K.W. Cheung, D. A. Smith, J.K. Baran, J.J. Johnson: "Wavelength-selective circuit 
5 and packet switching using acousto-optic tunable filters" Globecom*90, pp 1541-1547, 
1990, a maimer is described of solving multi-wavelength selective rerouting of 
wavelength channels separate and independently of each ottier based on opto-aucoustic 
switches. This type of rerouting typically uses a number of micro-seconds, which may 
be a problem in high speed transmissions. 

10 

In R.C. Alfemess, L.L. Buhl, U. Koren, B.I. Miller, M. Young, T.L. Koch. ''Broadly 
tunable InGaAsP/InP buried rib waveguide vertical coupler filter", Techn. Dig. 
Integrated Photonics Research, post-deadline paper, pp. 33-36, 1991 a tunable 
wavelength selective grating-assisted directional coupler comprising two waveguides 
15 having different effective refractive indexes and a grating described. This directional 
coupler can couple a wavelength from the first waveguide to the second waveguide. 

The problem present in the know technique as regards multi-wavelength selective 
switches and re-directional devices is they this demand very big and complicated 
20 structures or more components, which results in big power losses and high costs, or in 
that they can not be used in connection with high speed transmissions. 

Summary of the invention 

25 In order to increase the capacity in an optical transmission system several know 
methods may be used. In wavelength division multiplexing the transmission channels 
are multiplexed and de-multiplexed on different carrier wavelengths to respectively 
from an information flow. Said multiplexing and de-multiplexing demands optical 
multi-wavelength selective devices. It may also be desirable to change the transmission 

30 route through the optical net for certain wavelength channels. For this purpose 
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components are needed having multi-wavelength selective performance characteristics 
such as a multi-wavelength selective switch. 

A known problem related to multi-wavelength selective switches may be that theses 
5 contribute to big power losses. 

Another problem is that all by us known multi-wavelength selective switches exhibite 
a relativiely complicated structure or a great number of components. 

10 Another problem is that known multi-wavelength selective switches are relatively 
expensive to manufacture depending on said complicated structures or the number of 
components comprised. 

Yet a problem is that certain known multi-wavelength selective switches exhibit 
1 5 relatively slow switching speeds, typically a number of microseconds. 

The present invention approaches the said problem through a multi-wavelength 
selective switch in the form of a directional coupler structure comprising two 
waveguides arranged having different effective refractive index. The waveguides are at 
20 one section arranged in the proximity of each other, such that an optical field in each 
of the waveguides may overiap the other wherein at least one grating is arranged for 
co-directional coupling. 

In a method according to the invention for switching and re-direction of optical 
25 wavelengths in an optical network one branch in a directional coupler structure 
comprising optical wavelengths is excited. The optical wavelengths are thereafter 
transmitted through said branch to the directional coupler structure. The optical 
wavelengths are thereafter transmitted thiough a section where the waveguides are 
arranged in the proximity of each other whereby none or at least one wavelength is 
30 influenced by at least one in this section arranged grating for co-directional coupling 
and is coupled to the other waveguide. 
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In a second embodiment according to the invention at least one wavelength selective 
amplifier is comprised in at least one branch of the directional coupler structure, e.g. 
in the form of a distributed-Brag-reflector-amplifier. 

5 

The object of the present invention is to obtain a multi-wavelength selective switch, 
the structure of which is so simple and compact as possible, such that the 
manufacturing thereby may be reduced compared to the available technique, and in 
which the switching speed still is relatively high. 

10 

A advantage of the present invention is that the power losses relatively seen may be 
kept low. 

A further advantage of the present invention is that its remaining performance 
15 characteristics such as crosstalk and the like may be improved compared to know 
technique. 

Still a further advantage of the present invention is that signal splitting only is 
performed when absolutely necessary. 

20 

The invention will now be described further using the preferred embodiments and with 
reference to the appended drawings. 

BRIEF Description of the drawings 

25 

Figure 1 shows an embodiment of a multi-wavelength selective switch according 
to the invention. 

Figure 2 shows another embodiment of a multi-wavelength selective switch 
30 according to the invention. 
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PRFFFRRF.n EMBODIMENTS OF T HE INVENTION 

5 A multi-wavelength selective switch in the fonn of a directional coupler structure 
comprising two waveguides I and 2 and four gratings for co-directional coupling 10, 
20, 30, and 40 is shown in figure 1. Said waveguides 1 and 2 are each arranged having 
different effective refractive indexes, i.e. the propagation speed of light is different in 
the two waveguides. In on section these waveguides I and 2 are arranged in the 

1 0 proximity of each other such that an optical field from each of the waveguides may 
overlap the other. On each side of this section there are two branches of the 
waveguides. In the section in which the waveguides are arranged in the proximity of 
each other, four gratings are arranged for co-directional coupling 10, 20, 30, and 40. 
Said section is called a grating section. These gratings 10, 20, 30, and 40 may, 

1 5 depending on their character as to repetivity and length, bring about that certain 
wavelength may be coupled from a first waveguide to a second waveguide. The 
gratings may be looked upon as some kind of a phase matching device, which allows 
certain wavelengths to be coupled from one waveguide exhibiting a first effective 
refraction index to a second waveguide exhibiting a second effective refraction index. 

20 In phase matching one wavelength is coupled from one waveguide to another, and this 
corresponds thus to a cross coupling state for this wavelength. In phase mismatch no 
wavelengths are coupled between the waveguides and this thus corresponds to a bar 
coupler state for these wavelengths. The gratings 10, 20, 30, and 40 are arranged in 
said section such that the phase matching conditions may be separately influence for 

25 each section, i. e. some type of isolation is present between the gratings 10, 20, 30, and 
40 such that they as far as possible do not influence each other. A control signal for 
one grating section should only influence that one and none of the other grating 
sections. 

30 Suppose that waveguide 1 is excited with an optical signal comprising four different 
wavelengths XI, X2, X3, and X4. These wavelengths will be transmitted through said 
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waveguide 1 and arrive at the section in which the waveguides have been arranged in 
the proximity of each other, i.e. at the different grating sections. 
In the case that the waveguides 1 and 2 exhibit the same effective refractive index and 
the gratings for co-directional coupUng 10, 20, 30, and 40 are not present, the power of 
5 the different wavelengths may be divided up essentially alike in the two waveguides. 
In the present invention the different waveguides 1 and 2 exhibit different effective 
refractive indexes, which implies that the different wavelengths in die optical signal, in 
absence of any type of phase matching device, will not, or only to a very small extent 
be coupled from one waveguide to another. The gratings for co-directional coupling 
10 10, 20, 30, and 40, which constitute phase matching devices are so constituted as to 
each control a certain wavelength. 

The giatings 10, 20, 30, and 40 may be controlled using an electrical signal, which 
implies that a grating which in an un-controlled state will influence a certain 

15 wavelength, will influence another wavelength in a controlled state. Through this 
mechanism in the gratings for co-directional coupling each and every one of the 
excited wavelengths XI, XI, X3, and X4 may be influenced independently of the other. 
The degr ee of phase match may be controlled using this electrical signal. In a so called 
broadcast state, the optical signal is distributed evenly between the two waveguides for 

20 a given wavelength. Preferably, each giating section is so designed, that it in at least 
one state, which is controlled by the grating section control signal, is phase 
mismatched for all wavelengths in the incoming signal, i.e. none of the incoming 
wavelengths are coupled from its incoming waveguide. 

25 In the case described above where four wavelengths Xl,X2,X3, and X4 are present in 
the section where the waveguides are coupled to each other and which also comprises 
said grating, a certain wavelength may by application of a suitable cuirent for each of 
the gi atings be directed to any of the branches which exits said section . Each 
wavelength which is coupled into the waveguide 1 may be coupled out into the 

30 waveguide 1 and/or 2. 
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In figure 2 another embodiment of the multi-wavelength selective switch according to 
the invention is seen. The multi-wavelength selective switch comprises in this 
embodiment a directional coupler structure in the foiTO of two waveguides 1 and 2 and 

5 four gratings for co-directional coupling 10, 20, 30, and 40 and eight wavelength 
selective optical amplifiers 50, 60, 70, 80. Said two waveguides, 1 and 2. are each 
arranged exhibiting different effective refractive indexes, i.e. the propagation speed of 
light is different in the two waveguides. In on section these waveguides, 1 and 2, aie 
arranged in the proximity of each other, such that an optical field from each of the 

10 waveguides may overlap the other. On each side of this section there are two branches 
of the waveguides. In the section, in which the waveguides are ananged in the 
proximity of each other, four gratings are arranged for co-directional coupling 10, 20, 
30, and 40. Said section is called a grating section. These gratings 10, 20, 30, and 40 
may, depending on their character as to repetivity and length, bring about that certain 

1 5 wavelength may be coupled from a first waveguide to a second waveguide. 

The gratings 10, 20, 30, and 40 are arranged in said section such that the phase 
matching conditions may be separately influence for each section, i. e. some type of 
isolation is present between the gratings 10, 20, 30, and 40, such that they as far as 
20 i possible do not influence each other. A control signal for one grating section should 
onJy influence that one and none of the other grating sections. 

In this embodiment wavelength selective optical amplifiers 50, 60, 70, 80 have been 
arranged in the branches on one side of the section, where the waveguides are in 
25 contact with each other, in order to differentially amplify the wavelength division 

multiplexed signals. In the broadcasting state the optical signal is distributed between 
the incoming waveguides, which implies that the intensity of light in each waveguide 
may be reduced to half the intensity when the signal is evenly distributed between the 
two waveguides. 



30 
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This may be compensated by introducing a number, preferably the same number as the 
number of wavelengths, of wavelength selective optical amplifiers, such as current 
controlled distributed Bragg-reflector (DBR) amplifiers or quarter- wavelength 
chirping DBF amplifiers in the branches neighbouring to the section where the guides 
5 are in the proximity of each other. These amplifiers may be used for compensating the 
differences in signal strength for different wavelengths. 

Every branch in this embodiment comprises as many wavelength selective optical 
amplifiers 50, 60, 70, 80 as the number of gratings for co-directional coupling 10, 20, 
10 30, and 40 in the section in which the waveguides are arranged in the proximity of 
each other. In each branch the wavelength division multiplexed signals may be 
amplified differentially. This may be of importance in case a wavelength has been 
divided between the two waveguides an thus has decreased its intensity. 

15 The wavelength selective optical amplifiers and the gratings for co-directional 

coupling may be manufactured according to methods well known to a man skilled in 
the art and thus hardly needs to be described further. 

The present multi-wavelength selective switch may be manufactured as monolithic 
20 integrated optical components in any dielectric material, e.g. the system InGeAsP/lnP. 

The invention is naturally not limited to the above described and the embodiments 
shown on the drawings, but can be modified within the scope of the appended claims. 
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Claims 



1. A multi-wavelength selective switch for switching and redirection of optical 
wavelengths, characterized in that the switch is arranged in the form of a directional 

5 coupler structure comprising two waveguides, wherein the waveguides arranged 
exhibit different effective diffractive index, that the waveguides in one section are 
arranged in the proximity of each other, such that an optical field in the first 
waveguide can overlap a second waveguide and vice versa and that in said section at 
least two gratings are arranged for co-directional coupling, wherein said gratings are 

10 arranged isolated from each other. 

2. A multi-wavelength selective switch according to claim 1, characterized in that all 
gratings are arranged having the same grating repetivity. 

15 3. A multi-wavelength selective switch according to claim 1, characterized in that at 
least one grating is arranged having a grating repetivity which differs from the 
repetivity of the other gratings. 

4. A multi-wavelength selective switch according to claim 2 or 3, characterized in that 
20 at least in one branch of the directional coupler structure at least one wavelength 

selective optical amplifier is arranged. 

5. A multi-wavelength selective switch according to claim 4, characterized in that the 
wavelength selective optical amplifier is a current-controlled distributed-Bragg- 

25 reflector (DBR) amplifier. 

6. A multi-wavelength selective switch according to claim 5, characterized in that it is 
manufactured from a dielectric material. 
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10 - . 

7. A multi-wavelength selective switch according to claim 6, characterized in that it is 
manufactured from a semiconductor system, comprising element from the groups III-V 
of the periodic tables. 

5 8. A multi-wavelength selective switch according to claim 7, characterized in that the 
grating for co-directional coupling may be influenced by an electrical signal. 

9. Method for switching and re-direction of optical wavelengths in an optical network 
characterized in that 

10 - the optical wavelengths are coupled into one branch of a directional coupler 
strucmre, 

- the optical wavelengths are transmitted through said branch to the directional coupler 
structure, 

- the optical wavelengths are transmitted through a section wherein the waveguides are 
15 arranged in the proximity of each other whereby none or at least one wavelength is 

influenced by at least one in said section arranged grating for co-directional coupling 
and is coupled to another waveguide. 

10. Method according to claim 10, characterized in that in at least one branch of the 
20 directional coupler structure at least one wavelength is amplified by a wavelength 

selective amplifier. 

1 1. Method according to claim 9 or 10, characterized in that the grating for co- 
directional coupling and the wavelength selective optical amplifier is influenced by an 

25 electrical signal. 
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